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Since humans can voluntarily express inauthentic emotions, such as polite laughter or fake 26 
crying, distinguishing them from genuine ones is crucial for successful communication and 27 
survival in a social environment. We found that listening to nonverbal vocalizations of 28 
inauthentic emotions elicits a different brain activity, compared to those of authentic ones, 29 
quite early on (100-200 milliseconds afterwards). For this, the brain likely employs 30 
mechanisms already known to be relevant for detecting emotional content and arousal as 31 
well as motivational salience. These findings further our understanding of the 32 
neurobiological mechanisms of cognitive empathy and its impairment in psychiatric 33 
conditions such as autism or psychosis. 34 
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Deciding whether others’ emotions are genuine is essential for successful communication 40 
and social relationships. While previous fMRI studies suggested that differentiation 41 
between authentic and acted emotional expressions involves higher-order brain areas, the 42 
time course of authenticity discrimination is still unknown. To address this gap, we tested 43 
the impact of authenticity discrimination on event-related potentials (ERPs) related to 44 
emotion, motivational salience, and higher-order cognitive processing (N100, P200 and 45 
late positive complex, the LPC), using vocalised non-verbal expressions of sadness 46 
(crying) and happiness (laughter) in a 32-participant, within-subject study. Using a 47 
repeated measures 2-factor (authenticity, emotion) ANOVA, we show that N100’s 48 
amplitude was larger in response to authentic than acted vocalisations, particularly in cries, 49 
while P200’s was larger in response to acted vocalisations, particularly in laughs. We 50 
suggest these results point to two different mechanisms: 1) a larger N100 in response to 51 
authentic vocalisations is consistent with its link to emotional content and arousal 52 
(putatively larger amplitude for genuine emotional expressions); 2) a larger P200 in 53 
response to acted ones is in line with evidence relating it to motivational salience 54 
(putatively larger for ambiguous emotional expressions). Complementarily, a significant 55 
main effect of emotion was found on P200 and LPC amplitudes, in that the two were larger 56 
for laughs than cries, regardless of authenticity. Overall, we provide the first 57 
electroencephalographic examination of authenticity discrimination and propose that 58 





emotional content or category, attesting for its evolutionary relevance for trust and bond 60 





Main Text 62 
Introduction 63 
We use cognitive empathy to recognize, understand, and infer others’ states of mind 64 
(including emotions, thoughts and intentions), and emotional empathy to share others’ 65 
emotions (Simon Baron-Cohen & Wheelwright, 2004; Blair, 2005; Bos & Stokes, 2019; 66 
Davis, 1983; Shamay-Tsoory, 2011; Tone & Tully, 2014). These abilities allowed the 67 
evolution of human primates as cooperative species able to form relationships of trust, 68 
greatly increasing humans’ survival and reproductive success (Moll & Tomasello, 2007). 69 
Indeed, by allowing the inference of whether to trust another, cognitive empathy makes 70 
financial, legal, health, political, and other societal systems, possible. This inference, as 71 
well the emotional contagion we receive from others, depends on the perceived authenticity 72 
of others’ expressions and intentions. 73 
 74 
When produced spontaneously, laughter is usually associated with expressing a positive 75 
emotional state and promoting social bonding. However, when acted, it can convey a 76 
different social message that can range from positive, to demeaning or aggressive (Gervais 77 
& Wilson, 2005; Panksepp, 2000). As such, laughter is a powerful tool to influence social 78 
group dynamics: it can either blur inter-group boundaries (by welcoming outsiders, through 79 
politeness and friction reduction), or to reinforce them (when it is aggressive or ridiculing 80 
of outsiders) (Gervais & Wilson, 2005). Spontaneous crying on the other hand conveys a 81 
negative emotional state, intended to evoke urgent help from the listeners or achieve relief 82 





Jeronimus, 2019). However, just as laughter, crying can be produced voluntarily, to induce 84 
remorse in face of punishment (Brinke, MacDonald, Porter, & O’Connor, 2012), or achieve 85 
self-beneficial behaviours from others, a strategy used by humans already in infancy 86 
(Nakayama, 2013). Given that emotional vocalisations can have a myriad of context-87 
dependent social meanings, the ability to discern a genuine from an acted emotional 88 
expression is an important first step in the empathic processes of inferring another’s state 89 
of mind.  90 
 91 
Previous studies have shown that judgements of authenticity in tasks using multi-modal 92 
stimuli (e.g., audio-visual, facial and vocal expressions) appear to be driven predominantly 93 
by auditory cues (Lavan & McGettigan, 2017), highlighting the importance of studying 94 
recognition of authenticity in emotional nonverbal vocalisations in more detail. Within the 95 
past decade, we began exploring the processing of affective vocal cues in more depth 96 
(Lima, Castro, & Scott, 2013), particularly vocal displays of emotion such as laughter and 97 
crying, with a greater focus on the former (Scott, Lavan, Chen, & McGettigan, 2014). 98 
Behavioural evidence indicates that people can distinguish between authentic and acted 99 
nonverbal vocalisations with good accuracy (Anikin & Lima, 2017; Bryant & Aktipis, 100 
2014). Spontaneous, authentic laughter is also rated as more arousing and more positively 101 
valenced than its acted counterpart (Lavan, Scott, & McGettigan, 2016). Further, using 102 
fMRI (Lavan, Rankin, Lorking, Scott, & McGettigan, 2017; McGettigan et al., 2015), we 103 
found that listening to acted (vs. authentic) laughter was associated with increased anterior 104 
medial prefrontal and cingulate cortical activity (whilst authentic laughter activated the 105 





laughter engages regions typically responsible for higher-order, more deliberate, cognitive 107 
skills, such as cognitive empathy, in an attempt to determine the intentions and emotional 108 
states behind stimuli that are harder to decode given their ambiguity (Lavan et al., 2017). 109 
Importantly, the above findings strongly suggest that specific cognitive processes and 110 
respective brain activation patterns are engaged to decode the (non-)authenticity of non-111 
verbal emotional vocalisations. However, the timing of authenticity discrimination is not 112 
yet known. This question can be more suitably examined with electroencephalography 113 
(EEG) which allows exploration of the temporal unfolding of cognitive processes with 114 
greater temporal resolution than fMRI. 115 
 116 
While there are no EEG studies to date that address auditory authenticity processing 117 
directly, early ERP components - N100, P200 - as well as later – the late positive complex, 118 
the LPC1 - have been proposed to reflect three stages of auditory emotional processing, 119 
respectively: sensory processing, integration, and cognitive evaluation (Jessen & Kotz, 120 
2011; Kotz & Paulmann, 2011; Schirmer & Gunter, 2017; Schirmer & Kotz, 2006). Below, 121 
                                                          
1 The late positivity observed in response to emotional stimuli is also often referred to as the Late Positive 
Potential, or LPP, especially in the context of studies using emotional stimuli presented in the visual 
domain (S. B. R. E. Brown, van Steenbergen, Band, de Rover, & Nieuwenhuis, 2012), though also in those 
using auditory stimuli (Otten et al., 2017; Salvia et al., 2014), or those using both audio and visual 
emotional stimuli (D. R. Brown & Cavanagh, 2017). In this paper, we opt for calling the late positivity ERP 






we briefly describe these three stages and associated ERP components to infer the temporal 122 
pattern of authenticity recognition and its potential EEG correlates. 123 
 124 
During the first stage of auditory emotional processing, basic acoustic cues are extracted 125 
from the stimuli, a process reflected in the N100 component. Indeed, EEG studies in 126 
general suggest that this component does not differentiate between emotional content 127 
(Burra, Kerzel, Munoz Tord, Grandjean, & Ceravolo, 2019; Garrido-Vásquez et al., 2013; 128 
Paulmann & Kotz, 2008; Paulmann, Seifert, & Kotz, 2010; Schirmer, Chen, Ching, Tan, 129 
& Hong, 2013). Instead, it is modulated by the vocalisations’ acoustic profile (Hyde, 1997; 130 
Remijn, Hasuo, Fujihira, & Morimoto, 2014) and general arousal (Escera, Yago, Corral, 131 
Corbera, & Nuñez, 2003; Moore, Key, Thelen, & Hornsby, 2017; Näätänen & Picton, 132 
1987). However, some studies did suggest N100 amplitude can differentiate between 133 
emotional and neutral vocalisations (Jessen & Kotz, 2011; Liu et al., 2012; Wang, Pan, 134 
Liu, & Chen, 2015), or between emotional and neutral prosody (A. P. Pinheiro et al., 2013). 135 
Nevertheless, the N100 is thought to reflect predominantly early sensory processing of the 136 
stimulus. 137 
 138 
During the second stage, auditory cues are integrated, enabling the emotional meaning and 139 
salience to be extracted, processes linked to the P200 component (Kotz & Paulmann, 2011; 140 
Schirmer & Kotz, 2006). Its amplitude appears to differentiate between neutral and 141 
emotional stimuli more reliably than N100 (Garrido-Vásquez et al., 2013; Iredale, Rushby, 142 
McDonald, Dimoska-Di Marco, & Swift, 2013; Liu et al., 2012; Paulmann & Kotz, 2008; 143 





Crucially, P200 is thought to reflect identification of relevant or salient stimuli in the course 145 
of emotional processing, allowing a more in-depth evaluation at later stages (Jessen & 146 
Kotz, 2011; Paulmann, Bleichner, & Kotz, 2013; Paulmann & Kotz, 2008; Schirmer et al., 147 
2013). Such motivational salience has been associated to P200 even more specifically in 148 
relation to voice qualities (beyond pure emotionality) – such as those indicating the 149 
vocalizer’s identity, gender, confidence (Jiang & Pell, 2015; Latinus & Taylor, 2012; Ana 150 
P. Pinheiro et al., 2016) and even intent, with its amplitude increasing in response to 151 
sarcastic vs. neutral prosody (Wickens & Perry, 2015), and to violation of impressions of 152 
fictional characters during reading, as we have shown (Jerónimo, Volpert, & Bartholow, 153 
2017). As such, P200 is an ERP of potential interest in auditory authenticity discrimination. 154 
The motivational salience of acted and authentic emotional vocalisations may well differ 155 
as their discrimination is of high evolutionary relevance, by allowing, e.g. the signalling of 156 
the need to further evaluate the vocalization’s meaning due to their ambiguity (Lavan & 157 
McGettigan, 2017; McGettigan et al., 2015) and the avoidance of deception (Brinke & 158 
Porter, 2012; Gervais & Wilson, 2005).  159 
 160 
Finally, the last stage of auditory emotional processing includes a relatively more complex 161 
evaluation of the stimuli, including explicit judgements (Kotz & Paulmann, 2011; Schirmer 162 
& Kotz, 2006). The late ERP component, LPC, is associated with elaborate processing of 163 
emotional auditory stimuli (Jessen & Kotz, 2011; Jiang & Pell, 2015; Kotz & Paulmann, 164 
2011; Paulmann et al., 2013). Its amplitude has been shown to increase in response to 165 
compliments perceived as sarcastic (insincere, ironic) vs. genuine (Otten, Mann, van 166 





authenticity discrimination in non-verbal vocalizations as well. In line with the implication 168 
of higher-order cognition in authenticity recognition are previous fMRI findings 169 
demonstrating  an involvement of fronto-cortical areas during authenticity discrimination, 170 
which were previously linked to mentalizing (McGettigan et al., 2015), a. k. a. cognitive 171 
empathy (Simon Baron-Cohen & Wheelwright, 2004; Blair, 2005; Bos & Stokes, 2019; 172 
Davis, 1983; Shamay-Tsoory, 2011; Tone & Tully, 2014).  173 
 174 
Since the (non-)authenticity of laughter and crying can convey different social meanings 175 
(Brinke et al., 2012; Brinke & Porter, 2012; Gervais & Wilson, 2005; Nakayama, 2013; 176 
Panksepp, 2000), the effect of authenticity may depend on emotion category (laughter vs. 177 
crying). As mentioned above, the difference between an emotional and a neutral auditory 178 
stimulus is generally captured by early components. However, the evidence is less clear as 179 
to whether they can differentiate between different emotion ‘categories’. Regarding N100 180 
amplitude, some have reported more negative amplitude for angry vs. fearful non-linguistic 181 
vocalisations (Jessen & Kotz, 2011), although others did not find differences between 182 
happy vs. angry auditory stimuli (Iredale et al., 2013; Liu et al., 2012). P200 amplitude has 183 
been shown to increase with happy or angry vs. sad (Pell et al., 2015), and angry vs. fearful 184 
(Jessen & Kotz, 2011), with no difference in happy vs. angry non-linguistic vocalisations 185 
(Liu et al., 2012). Regarding valence specifically, a higher amplitude for positive vs. 186 
negative vocalisations was also demonstrated (Proverbio, De Benedetto, & Guazzone, 187 
2020). Finally, there is also evidence that late components like the LPC can differentiate 188 
between six basic emotions in speech prosody, and be independently modulated by arousal 189 





is verbal or not (Pell et al., 2015), and between crying and laughing in 8-month infants 191 
(Crespo-Llado, Vanderwert, & Geangu, 2018).  192 
 193 
In the present study, we characterize, for the first time to our knowledge, the time course 194 
of authenticity processing in auditory stimuli (herein, nonverbal vocalisations). Using 195 
EEG, we aimed to determine at which stage of emotion processing the distinction between 196 
authentic and non-authentic emotional auditory expressions is achieved. In relation to the 197 
multi-stage model of emotional processing that distinguishes between sensory processing, 198 
integration and cognitive evaluation (Kotz & Paulmann, 2011; Schirmer & Gunter, 2017; 199 
Schirmer & Kotz, 2006), we hypothesize that authenticity discrimination might begin at 200 
the second stage, where the non-authentic sound would be indicated as salient, promoting 201 
preferential processing, and carry on to the third, to resolve ambiguity and meaning of the 202 
stimuli. As such, we predict that the P200 will increase in response to acted stimuli as 203 
opposed to authentic, given its previous implication in motivational salience processing 204 
(Liu et al., 2012; Paulmann et al., 2013; Pell et al., 2015; Schirmer et al., 2013), and the 205 
amplitude of the LPC will also increase in response to non-authentic stimuli, given its role 206 
in more elaborate processing of social information (Otten et al., 2017). Second, since the 207 
(non-)authenticity of laughter and crying can convey different social meanings (Brinke et 208 
al., 2012; Brinke & Porter, 2012; Gervais & Wilson, 2005; Nakayama, 2013; Panksepp, 209 
2000), we also aimed to explore whether the effect of authenticity would depend on 210 
emotion category (laughter vs. crying). Thirdly, to aid the interpretation of findings, we 211 
asked participants to rate vocalisations in terms of their perceived arousal and emotional 212 





amplitudes with vocalisation’s authenticity rating, as well as with authenticity 214 
discrimination index that reflects individual’s ability to distinguish between authentic and 215 
acted vocalisations (Neves, Cordeiro, Scott, Castro, & Lima, 2018).  216 
To aid in the interpretation of our results, as authenticity discrimination has been positively 217 
correlated with both emotional empathy (ability to share the emotional experiences of 218 
others) and cognitive empathy (inferring mental states of others) (Dawel, Palermo, 219 
O’Kearney, & McKone, 2015; Neves et al., 2018), we explored these traits’ influence on 220 
authenticity ratings and EEG measures. Although cognitive empathy is putatively elicited 221 
by the authenticity task, given that subjects are asked to infer the authenticity of the 222 
vocalizations, the task is bound to implicitly involve emotional empathy as well. Thus, we 223 
administered the Empathy Quotient test (EQ (Lawrence, Shaw, Baker, Baron-Cohen, & 224 
David, 2004); Portuguese translation: (Rodrigues et al., 2011)), which subcomponents tap 225 
into emotional and cognitive empathy, and Reading the Mind in the Eyes Test (RMET (S. 226 
Baron-Cohen, Wheelwright, Hill, Raste, & Plumb, 2001); Portuguese translation: (Mouga 227 
& Tavares, 2012)), used as a measure cognitive empathy (Van Honk et al., 2011; Voracek 228 
& Dressler, 2006) (often also referred to as Theory of Mind (Simon Baron-Cohen & 229 
Wheelwright, 2004; Blair, 2005; Bos & Stokes, 2019; Davis, 1983; Shamay-Tsoory, 2011; 230 
Tone & Tully, 2014)). We expected that higher scores in these tests will be associated with 231 
better authenticity discrimination and that these measures might correlate with ERP 232 
amplitudes associated with processing of authentic and acted vocalisations. 233 






Acted vocalisations are rated as less authentic, less contagious, and less arousing 236 
Overall, and as expected, participants rated acted vocalisations as less authentic (F (1, 31) 237 
= 60.18, p < .001, ηp² = 0.66), less contagious (F (1, 26) = 76.05, p < .001, ηp² = 0.75), and 238 
less arousing (F (1, 24) = 67.69, p < .001, ηp² = 0.74), than authentic vocalisations. They 239 
also rated cries as less authentic (F (1, 31) = 30.84, p < .001, ηp² = 0.50), less contagious 240 
(F (1, 26) = 23.76, p < .001, ηp² = 0.48), and less arousing (F (1, 24) = 47.58, p < .001, ηp² 241 
= 0.66), than laughs (see Table 1 for means and standard deviations). No interactions 242 
between the effects of authenticity and emotion were significant. Detailed results are 243 
presented in Supplementary Information (Supplementary Text A and Fig. S1) and 244 
published in the context of our pupillometry study conducted in the same experimental 245 
session and with an 85% sample overlap (Cosme et al., 2021). 246 





Table 1 Summary of the main effects and interactions of authenticity and emotion category 248 
on authenticity, emotional contagion, and arousal ratings. Statistically significant effects 249 
(p <.05) are signalled with a bold font and an asterisk. Auth: authentic; Act: acted. 250 
 251 
 
  Omnibus tests of Behavioural ratings 
 
 
  Effects Comparison Mean difference SD F (df) p-value ηp2   
Authenticity 
Authenticity Auth > Act 1.14 0.83 60.18 (31) < .001* 0.66 
Emotion Laugh > Cry  0.91 0.93 30.84(31) < .001* 0.50 
Authenticity*Emotion ~ ~ ~ 0.41 (31) 0.525 0.01 
Emotional 
Contagion 
Authenticity Auth > Act 1.04 0.62 76.05 (26) < .001* 0.75 
Emotion Laugh > Cry 0.80 0.85 23.76 (26) < .001* 0.48 
Authenticity*Emotion ~ ~ ~ 3.75 (26) 0.291 0.06 
Arousal 
Authenticity Auth > Act 1.11 0.68 67.69 (24) < .001* 0.74 
Emotion Laugh > Cry 1.24 0.90 47.58 (24) < .001* 0.66 
Authenticity*Emotion ~ ~ ~ 3.49 (24) 0.073 0.13 
 252 
Early ERPs differentiate between authentic and acted vocalisations 253 
All effects described below are summarized in Table 2 (main effects and interactions) and 254 
Table 3 (all pairwise comparisons) and plotted in Figure 1. 255 





Table 2 Summary of the main effects and interactions of authenticity and emotion category 257 
on N100, P200 and LPC amplitudes. Statistically significant effects (p <.05) are signalled 258 
with a bold font and an asterisk. 259 
 
  Omnibus tests of ERP amplitudes 
 
 
  Effects Comparison Mean difference SD F (df) p-value ηp2   
N100 
Authenticity Auth > Act 0.182 0.43 5.67 (31) 0.024* 0.16 
Emotion ~ .041 0.41 0.32 (31) 0.576 0.01 
Authenticity*Emotion ~ ~ ~ 1.14 (31) 0.244 0.04 
P200 
Authenticity Auth < Act -0.37 0.76 7.42 (31) 0.010* 0.19 
Emotion Laugh > Cry 
0.36 0.94 4.69 (31) 0.038* 0.13 
Authenticity*Emotion ~ ~ ~ 1.15 (31) 0.291 0.04 
LPC 
Authenticity ~ 0.54 1.29 2.74 (31) 0.108 0.08 
Emotion Laugh > Cry 
0.35 1.19 5.68 (31) 0.023* 0.16 
Authenticity*Emotion ~ ~ ~ 0.11 (31) 0.737 0.004 
 260 
Table 3 Pairwise comparisons between authentic and acted vocalisations in terms of ERP 261 
amplitudes (N100, P200, and LPC), separately for laughter and crying. Statistically 262 
significant effects (Bonferroni-corrected p <.05) are signalled with a bold font and an 263 
asterisk. 264 







SD SE t(df) p-value Cohen’s d   
N100 
Laughter Acted > Authentic -0.10 0.61 0.11 -0.92 0.364 -0.16 







Acted* -0.51 1.28 0.23 -2.24 0.03* -0.40 
Crying Authentic > Acted -0.23 0.77 0.14 -1.68 0.103 -0.30 
LPC Laughter Acted > Authentic -0.43 2.06 0.36 -1.19 0.244 -0.21 Crying Acted > Authentic -0.27 1.56 0.28 -0.97 0.341 -0.17 
 265 
N100  266 
The main effect of authenticity on N100 amplitude was statistically significant (F (1, 31) 267 
= 5.67, p = .024, ηp² = 0.155), with a more negative N100 amplitude in response to authentic 268 
(M = -1.29, SD = 0.69) than acted (M = -1.18, SD = 0.64) vocalisations, irrespective of 269 
emotion. The main effect of emotion and the authenticity by emotion interaction were not 270 
statistically significant.  271 
 272 
Bonferroni-corrected pairwise comparisons showed that this effect was particularly driven 273 
by crying, whereby authentic cries (M = -1.31, SD = 0.82) had a more negative N100 274 
amplitude than acted cries (M = -1.05, SD = 0.70, t(31) = -2.672, p = .012, d = 0.47). When 275 
contrasting each authentic to neutral vocalisations, we found no main effect of emotion on 276 
N100 amplitude (F (2, 62) = 1.82, p = .171, ηp² = 0.055). 277 
 278 
P200 279 
The main effect of authenticity on P200 amplitude was significant (F (1, 31) = 7.42, p = 280 
.010, ηp2 = 0.193), with a more positive amplitude in response to acted (M = 2.77, SD = 281 
2.20) than authentic (M = 2.40, SD = 2.33) vocalisations. There was also a main effect of 282 





positive in response to laughter (M = 2.76, SD = 2.41), than crying (M = 2.40, SD = 2.15) 284 
vocalisations. The 2-way interaction was not significant. Bonferroni-corrected pairwise 285 
comparisons showed that this effect was particularly driven by laughter, whereby P200 286 
amplitude was greater for acted laughter (M = 3.02, SD = 0.44) than to authentic laughter 287 
(M = 2.51, SD = 0.44; t(31) = -2.235, p = .033, d = - 0.40). 288 
 289 
When contrasting each authentic to neutral vocalisations, we found a main effect of 290 
emotion on N200 amplitude (F (2, 62) = 20.37, p < .001, ηp² = 0.397). Bonferroni-corrected 291 
pairwise comparisons indicated that authentic laughter elicited a grater amplitude (M = 292 
2.51, SD = 2.49) than neutral (t(31) = 5.12, p < .001, d = 0.90), and authentic crying had 293 
greater amplitude (M = 2.29, SD = 2.28) than neutral vocalisations (M = 1.24, SD = 2.17; 294 
t(31) = 5.06, p < .001, d = 0.89). 295 
 296 
LPC 297 
We found no statistically significant effect of authenticity on LPC’s amplitude. We found 298 
a significant main effect of emotion on mean LPC amplitude (F (1, 31) = 5.68, p = .023, 299 
ηp2 = 0.155), which was more positive in response to laughter (M = 3.66, SD = 2.49), than 300 
crying (M = 3.12, SD = 1.88) vocalisations. The interaction between authenticity and 301 
emotion was not significant. 302 
 303 
When contrasting each authentic and neutral vocalisations, we found a main effect of 304 





t-tests were significant for authentic laughter (M = 3.45, SD = 2.78) vs. neutral vocalisations 306 






Figure 1: N100 and P200 differentiate between authentic and acted vocalisations. Left 309 
panel: grand-average ERP waveforms in response to authentic, acted, and neutral 310 





(500-1000 ms; bottom), collapsed across laughter and crying. Topographical maps 312 
represent the components averaged across the 4 conditions (authentic/acted laughter and 313 
crying), within the time windows of interest. Grey-shaded areas represent the analysis time 314 
window. Right panel shows box plots of the measured ERP amplitudes. For each box plot, 315 
black horizontal line represents the mean, black vertical line is one standard deviation, 316 
and coloured patches represent 95% within-subject confidence intervals. Statistically 317 
significant effects (Bonferroni-corrected p <.05) of authenticity are signalled with an 318 
asterisk. 319 
N100 amplitude correlates with ratings of authenticity and arousal 320 
We found two statistically significant correlations for the N100 component. In particular, 321 
N100 amplitude in response to crying correlated with authenticity rating (Rrm = -.45, p = 322 
.009): the more the crying vocalisations were rated as authentic, the more negative was the 323 
associated N100 amplitude. Furthermore, N100 amplitude in response to crying correlated 324 
with arousal rating (Rrm = -.40, p = .037): the more crying vocalisations were rated as 325 
arousing, the more negative the N100 amplitude (see Figure 2). Full results, including non-326 
statistically significant ones, are provided in Supplementary Information (Table S1). 327 
P200 and LPC amplitudes correlate with trait empathy measures 328 
We did not find significant correlations between any of the measures and N100. However, 329 
the P200 amplitude in response to acted laughter was negatively correlated with a sub-330 
measure of the EQ: emotional reactivity (rs = -.36, p = .042). The LPC amplitude in 331 





emphatic difficulties (rs = .37, p = .038), and LPC acted crying amplitude was correlated 333 
with RMET (rs = .40, p = .023; see Figure 2). The authenticity discrimination index did not 334 
correlate with any ERP amplitude or trait empathy scores. Full results, including non-335 
statistically significant ones, are provided in Supplementary Information (Table S2 and 336 






Figure 2: N100 amplitude correlates with ratings of authenticity and arousal, while P200 339 
and LPC amplitudes correlate with trait empathy measures (p < .05). Top: visualisation 340 
of statistically significant repeated measures correlations between ERP amplitudes and 341 
stimulus ratings. Each participant is represented by two points on the graph, 342 
corresponding to trial-averaged N100 amplitude/scores in response to authentic and acted 343 





amplitudes and trait empathy scores. Green shaded area corresponds to 95% confidence 345 
interval. Note that higher score in the emphatic difficulties sub-measure means lower 346 
emphatic difficulty. 347 
 348 





Discussion  350 
In the present study, we characterize, for the first time to our knowledge, the time course 351 
of the processing of vocalisations’ authenticity, using EEG. We focused on three ERP 352 
components, two early and one late, during an authenticity recognition task, where subjects 353 
were asked to discriminate between authentic and acted vocalisations of laughter and 354 
crying. Although we had no expectation of a N100 association with authenticity 355 
discrimination (but rather with emotion category), N100 amplitude showed to be under a 356 
large main effect of authenticity (authenticity explaining 15.5% of the variance in N100 357 
amplitude unexplained by emotion or its interaction). The amplitude was larger (more 358 
negative) for authentic than acted emotional vocalisations, which was especially driven by 359 
this amplitude difference in crying. Crucially, as we hypothesized, P200 amplitude, thought 360 
to tag motivational significance of stimuli, was larger (more positive; a large effect 361 
explaining 19.3% of the amplitude variance unexplained by emotion or its interaction) in 362 
response to acted than to authentic vocalisations, a pattern opposite to that of N100. 363 
Moreover, this difference appeared to be driven by the amplitude difference in laughter 364 
(unlike N100).  365 
 366 
In detail, while both N100 and P200 amplitudes could dissociate authentic from acted 367 
vocalisations, they show an opposite direction of effect, and seemingly a different contrast 368 
in relation to neutral vocalisations. For N100, the amplitude was increased (i.e. more 369 
negative) for authentic vocalisations compared to acted vocalisations, with the latter 370 
seemingly closer in amplitude to the neutral vocalisations. While it is still debated whether 371 





to arousing stimuli (Escera et al., 2003; Moore et al., 2017; Näätänen & Picton, 1987). We 373 
suggest that higher N100 amplitude for authentic trials in our study might be reflecting a 374 
particular sensitivity of this ERP to greater genuineness-derived arousal. In other words, 375 
we believe the N100 effect is being driven by the difference in arousal elicited by the 376 
authentic vs acted vocalizations, which may contribute to both an emotional empathic 377 
reaction as well as to a cognitive empathic decision on the vocalization’s authenticity, 378 
downstream. Indeed, in the current experiment, authentic vocalisations were rated as more 379 
arousing than acted vocalisations; and both higher authenticity ratings for cries, as well as 380 
higher arousal ratings for cries, were associated with an increased N100 amplitude (Figure 381 
2). Overall, these results suggest that the first cues about a vocalisation’s authenticity may 382 
depend on their arousal elicitation and are present even before the categorization of the 383 
emotion (as we found no effect of emotion on N100), or of its authenticity, is concluded. 384 
Nevertheless, as the ANOVA did not point to a significant difference in N100 between 385 
authentic crying and a neutral vocalisation, our interpretation warrants replication and 386 
clarification in further studies.  387 
 388 
The opposite pattern to N100 was seen for P200. A larger P200 amplitude was elicited by 389 
acted vs. authentic vocalisations, and by all conditions compared to the neutral 390 
vocalisations (the acted laughs being the furthest from neutral, i.e. non-emotional 391 
vocalizations). This may suggest that P200 amplitude is particularly triggered by lack of 392 
authenticity/genuineness (unlike N100). The effect was in the direction we predicted given 393 
previous evidence linking increased amplitude to motivational salience, and supporting the 394 





2011; Jiang & Pell, 2015; Kotz & Paulmann, 2011; Liu et al., 2012; Paulmann et al., 2013; 396 
Schirmer et al., 2013; Schirmer & Kotz, 2006). The P200 effects we observed might thus 397 
reflect a higher motivational salience of the acted stimuli (Brinke & Porter, 2012; Gervais 398 
& Wilson, 2005), serving to signal the need to resolve the expression’s ambiguity and the 399 
intention of the speaker, while authentic emotions require less effort to decipher. This 400 
echoes an interpretation previously offered in the fMRI literature (McGettigan et al., 2015). 401 
In this light, the ambiguity of the expression brings a need for the listener to allocate 402 
additional resources to resolve it – and ascertain the adequate level of trust. It is not clear 403 
what aspects of the non-authentic stimuli make it salient by itself. One possibility is that 404 
acted vocalisations might violate our internal template of authentic displays of emotion, 405 
and thus authenticity recognition might operate on the basis of mismatch or incongruence 406 
detection, bringing it conceptually closer to studies investigating processing of emotionally 407 
ambiguous stimuli (such as pictures of faces with angry eyes and happy smiles (Calvo, 408 
Marrero, & Beltrán, 2013). As the design of the current experiment does not allow one to 409 
dissociate processing of authenticity from mismatch detection, nor to isolate what aspect 410 
of the stimuli is “salient”, future studies might introduce conditions that directly modulate 411 
congruency and salience independently from authenticity to narrow down the exact 412 
mechanism through which individuals are able to make accurate authenticity judgments. 413 
 414 
Importantly, when we explored the simple effects of authenticity on ERP amplitudes for 415 
laughter and crying separately, we observed that the main effect on N100 was driven by 416 
the simple effect in crying, and the one on P200 by the simple effect in laughter (both 417 





evidence we have recently published from roughly the same sample of participants (Cosme 419 
et al., 2021), collected during the same experimental session. Therein, we observed a 420 
similar pattern of difference between laughter and crying. In that study, there was a 421 
negative effect of authenticity on pupil dilation in laughter (i.e. pupil size larger for acted 422 
than authentic laughter) whilst a positive one in crying (i.e. pupil size larger for authentic 423 
than acted crying). We interpreted this pattern as indication that authenticity discrimination 424 
in laughter is driven by relatively higher-order cognitive processing, while in crying it 425 
relies on a relatively more automatic arousal response. Acted (vs. authentic) laughs trigger 426 
a high motivational salience leading to a drive to decipher the other’s intention, whilst 427 
authentic (vs. acted) cries trigger an immediate high-arousal response leading to a drive to 428 
act to solve a potentially threatening situation. The present EEG data concurs with that 429 
interpretation, since arousal-related N100 was mostly driven by the authentic-acted 430 
difference in cries; and the P200 (linked to early tagging of motivational 431 
salience/significance, a first step towards more elaborate processing) was driven by the 432 
authentic-acted difference in laughter. 433 
 434 
Complementarily, in terms of emotion, N100 did not differentiate between laughter and 435 
crying, which adds to the so far inconsistent evidence in the literature that this early 436 
component is sensitive to emotion category and in what direction (Jessen & Kotz, 2011; 437 
Liu et al., 2012; Pell et al., 2015). For P200, and although its link to emotion categorisation 438 
is also still debated (Proverbio, Santoni, & Adorni, 2020), we did find laughter to elicit 439 
higher amplitudes than crying, in line with another study using laughter and crying 440 





explained 13.1% of the otherwise unexplained amplitude variance (a quasi-large effect). 442 
Additionally, P200 amplitudes in response to authentic laughter and crying very 443 
significantly larger than to neutral vocalisations. Regarding the late component (LPC), 444 
although we expected its amplitude to be sensitive to both emotion authenticity and 445 
category, we found only the latter (LPC amplitude being larger for laughter than for 446 
crying), explaining a large portion, 15.6%, of the amplitude variance left unexplained 447 
otherwise. When we compared LPC amplitudes in response only to authentic vocalisations 448 
vs. neutral, the main effect of emotion was detected, although pairwise comparisons did 449 
not point to a specific condition (laughter, crying, or neutral) that was driving this effect. 450 
 451 
Finally, to try to further constrain the interpretation of the results, we explored whether 452 
ERP amplitudes were correlated with any trait empathy scores measured in this experiment. 453 
To that end, we found that P200 in acted laughter was associated with the emotional 454 
empathy sub-measure of the EQ: emotional reactivity. Expectedly, the correlation was 455 
negative, i.e., the higher the emotional reactivity trait of the subjects, the smaller the P200 456 
amplitude in response to acted laughter. Speculatively, this could mean that individuals 457 
with higher emotional empathy might be able to recognise non-authentic laughter with less 458 
neuronal resources, reflected in a lower P200 amplitude. Regarding the LPC, lower 459 
empathic difficulty (reflected by a higher score in the emphatic difficulties sub-measure of 460 
the EQ) was associated with greater LPC amplitude in response to authentic laughter. 461 
Furthermore, a higher score in the RMET (meant to measure cognitive empathy) was 462 
associated with greater LPC amplitude during acted crying. We report these effects for 463 





changes are particularly influenced by cognitive empathy skills. Nevertheless, we think 465 
they do not aid the interpretation of our LPC findings.  466 
 467 
Potential limitations 468 
Since early ERP components, including N100 and P200, are sensitive to low-level acoustic 469 
properties (Remijn et al., 2014), authenticity discrimination is likely to be driven by the 470 
different acoustic properties of authentic vs. acted vocalisations (Bryant & Aktipis, 2014; 471 
Lavan et al., 2016). Nevertheless, in the present dataset, complementary analyses showed 472 
that the average amplitude of neither ERP component was correlated with intensity, mean 473 
pitch (fundamental frequency), intensity, or duration of the vocal stimuli. Hence, we 474 
suggest that the specific P200 and N100 amplitude effects we found may not be directly 475 
attributed to the low-level factors we tested. 476 
 477 
In regards to the LPC, the lack of a significant difference in amplitude between authentic 478 
and acted vocalisations conflicted with our initial expectation, and with studies suggesting 479 
the role of mentalising, and thus cognitive empathy, in authenticity processing (McGettigan 480 
et al., 2015) – which is usually associated with modulation of late ERPs (Cheng, Chen, & 481 
Decety, 2014). However, visual inspection of the plotted LPC amplitudes (see Figure 1) 482 
between authentic and acted vocalisations does suggest a trend. Furthermore, as noted 483 
above, the duration of the vocalisations ranged, on average, from 2182 s to 2685 s (see 484 
Supplementary Information: Table S4). In contrast with a visual stimulus, a vocalisation is 485 





Therefore, it is possible that the differences in the LPC amplitude could arise later than the 487 
analysis time window we selected a priori (500 – 1000 ms). Another related possibility is 488 
that the task did not require participants to decipher the meaning behind the vocalisations; 489 
thus, the more elaborate processing typically related to LPC might not have been induced 490 
by our design, albeit it might have been sufficient in abovementioned MRI context. 491 
Furthermore, the fact that the failure to discriminate acted from authentic did not carry 492 
consequences for the participants may also have led to a weaker involvement of the LPC. 493 
To address this, a punishment/reward aspect to authenticity discrimination may be useful 494 
in future studies. Finally, in contrast to a previous study (Neves et al., 2018), we did not 495 
find significant correlations between authenticity discrimination index and trait empathy 496 
scores. We speculate that this might be due to a small sample used here, in comparison 497 
with 119 participants included in that study, and the use of different empathy measures. 498 
 499 
Finally, given that we have used the original stimuli validated (Warren et al., 2006) and 500 
employed in several previous studies of authenticity discrimination (Lavan, Lima, Harvey, 501 
Scott, & McGettigan, 2015; McGettigan et al., 2015) – to aid literature comparability – the 502 
stimuli are of different length (which comes with their intrinsic ecological validity). In the 503 
ERP analysis, this should not to be problematic, given that the latest time window is under 504 
1000ms, while none of the stimuli had shorter duration than that. However, as the 505 
behavioural ratings are based on the full stimulus length, these cannot be fully relatable 506 






Conclusion and further research 509 
Together, these results suggest that the processing of authenticity in vocalised emotions is 510 
detected rapidly (as shown by its modulation of N100 and P200 amplitudes), while a later 511 
component’s (LPC, linked to more deliberate, cognitive, evaluation) engagement was only 512 
tentative. Given previous evidence, we suggest that N100 and P200 engagement may be 513 
due to them reflecting arousal and motivational salience attribution, respectively. Early 514 
processing of authenticity may be relevant for trust bond formation, protection from deceit 515 
and survival in a social context. Therefore, is conceivable that authenticity recognition 516 
mechanisms are built on top of the existing, general salience detectors that allow us to pick-517 
up on important information in the environment. Relating our results to the multi-stage 518 
model of emotion processing (Kotz & Paulmann, 2011; Schirmer & Gunter, 2017; 519 
Schirmer & Kotz, 2006), we propose that authenticity discrimination is carried on during 520 
the second, integration stage (as revealed by the P200 in this study), although differences 521 
in the arousal level between authentic and acted vocalisations might already mark its 522 
impact during the sensory processing stage (as revealed by N100 here). 523 
 524 
Still, what drives salience attribution to non-authentic emotional vocalisations in the first 525 
place needs to be further narrowed down. We also suggest that what drives the early stages 526 
of authenticity recognition in crying and laughter might not be the same – with the former 527 
achieved through arousal, and the latter through a higher-order cognitive processing, en 528 
par with our pupillometry findings (Cosme et al., 2021). In sum, the current study – being 529 





new hypotheses and independent studies – which will be helpful to substantiate the novel 531 
findings presented here. 532 
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Materials and Methods 559 
Participants 560 
A total of 38 participants participated in the experiment, recruited through the lab’s online 561 
recruitment platform and social media. The inclusion criteria were right-handedness 562 
(assessed with Edinburgh Handedness Inventory (Oldfield, 1971), 20-30 years of age, 563 
European Portuguese as a first language, and no past or current psychiatric illness, no 564 
psychotropic medication use, and no history of drug addiction or current consumption in 565 
the last 6 months. Additionally, women had to be on the active-intake weeks of 566 
contraceptive pills, as previous research suggested that affective task performance varies 567 
according to the menstrual cycle (Radke & Derntl, 2016). The study was approved by the 568 
Ethics Committee of the Medical Academic Centre of Lisbon (Centro Académico Médico 569 
de Lisboa) and all volunteers signed an informed consent form and were paid for their time. 570 
The study has been performed in accordance with the Declaration of Helsinki. 571 
 572 
As six participants were excluded due to technical problems and/or errors in data 573 
acquisition (e.g. EEG markers not set properly), data from 32 participants (16 men and 16 574 
women; age range 21 to 28 years old; M = 23.4, SD = 1.65) was analysed. To characterize 575 
inter-subject variability in mood, working memory and psychopathology which can affect 576 
task compliance and performance – and potentially identify outliers to discard from 577 
analysis – we administered standard questionnaires/test. No participants were excluded 578 
based on these (see Supplementary Information: Supplementary Text B for questionnaires 579 





the Empathy Quotient (EQ; 22-item version: Wakabayashi et al., 2006; Portuguese version: 581 
Rodrigues et al., 2011) (M = 21.8, SD = 7.80), the Reading the Mind in the Eyes Test 582 
(RMET: Baron-Cohen et al., 2001; Portuguese version which we have validated: Pestana 583 
et al., 2018) (M = 25.7, SD = 3.59). 584 
Stimuli 585 
The emotional stimuli (laughter, crying, and neutral vocalisations) were developed at the 586 
University College of London (Warren et al., 2006) and have been used in previous 587 
behavioural and neuroimaging studies we conducted (Lavan et al., 2015; McGettigan et 588 
al., 2015). Authentic vocalisations consisted of spontaneously produced vocalisations 589 
either in response to a humorous video (authentic laughter) or recalling of truly upsetting 590 
events (authentic crying). Acted vocalisations were acted expressions under full voluntary 591 
control. 16-bit, mono .wav files were created, sampled at 44.1 kHz. The audio was 592 
normalized for the root-mean-square (RMS) amplitude using Praat software (Boersma & 593 
Weenink, 2020). The auditory stimuli were presented binaurally through a set of 594 
Sennheiser CX 3.00 ear-canal phones at a comfortable listening level that was individually 595 
adjusted at the start of the experiment. Given that auditory ERP components like N100 and 596 
P200 are sensitive to changes in the stimuli’s low-level acoustic properties, and such 597 
properties mediate recognition of vocalisations’ authenticity (Anikin & Lima, 2017; 598 
Paulmann et al., 2013), we also extracted acoustic properties in an attempt to consolidate 599 
this evidence. We extracted duration (ms), mean fundamental frequency (F(0), which is 600 
perceived as pitch), and mean intensity (dB), using the Praat software. We later found no 601 





results are presented in Supplementary Information (Supplementary Text C); as such, we 603 
can consider the forthcoming ERP waveforms as not driven predominantly by the low-604 
level acoustic properties we tested. 605 
Procedure 606 
The experiment consisted of one single session (lasting 2.5 hours), divided in two tasks: 1) 607 
the EEG-recorded authenticity task, and 2) the non-EEG-recorded arousal and contagion 608 
rating task. After EEG setup, participants were taken to a quiet room, seated 80 cm away 609 
from the monitor and instructed to remain as still as possible. The experiment was 610 
developed and presented using Psychtoolbox 3 (Kleiner et al., 2007) for MATLAB version 611 
8.3.0 (R2014a). In all tasks, participants were asked to evaluate emotional vocalisations on 612 
a 7-point Likert scales, using a response pad, as intuitively as possible. Buttons of the 613 
response pad were marked with the Likert scale numbers (left hand – 1, 2, 3; right hand – 614 
4, 5, 6, 7). Given the long duration of the task (36 minutes), three pauses of 30 s were 615 
distributed equally throughout the experiment for the participant to rest, to minimise 616 
fatigue. Pupillometry data were recorded alongside the EEG and are reported elsewhere 617 
(Cosme et al., 2021). 618 
Authenticity task 619 
Before starting the authenticity task, participants were told that they would hear a set of 620 
emotional vocalisations that they would rate in terms of their authenticity (authentic vs. 621 
acted), as well as a set of neutral sounds that they should attend to, but not rate. A trial 622 
started with a 4000 ms fixation cross with a jitter of 500 ms, followed by the presentation 623 





and participants had up to 5000 ms to rate the previously presented stimulus. Participants 625 
used a 7-point Likert scale to rate the perceived authenticity of the stimulus, ranging from 626 
1 (“Genuine” – authentic), to 7 (“Posed” – acted). The stimuli sequence was pseudo-627 
randomized and fixed for all participants, in a way to ensure that the possible transitions 628 
from one condition to another were distributed equally throughout the task. A total of 72 629 
unique emotional vocalisations were used in the experiment (18 for each condition: 630 
spontaneous laughter, acted laughter, spontaneous crying, and acted crying). Each 631 
emotional vocalisation was presented twice, and thus participants listened to 144 emotional 632 
vocalisations in total (36 per condition). As control conditions, additional 30 neutral 633 
vocalisations (i.e. vowel ‘ah’ produced with a neutral intonation) were presented. Thus, a 634 
grand total of 204 trials were presented in the EEG authenticity task. The entire task lasted 635 







Figure 3: Outline of a single experimental trial in the authenticity task. 639 
Arousal and emotional contagion ratings 640 
After EEG data acquisition, participants were instructed to evaluate the perceived 641 
arousal and emotional contagion of the previously presented vocal stimuli in a 7-point 642 
Likert scale (Arousal: 1 – Low arousal, 7 – High arousal; Emotional Contagion: 1 – Not 643 
contagious at all, 7 – Highly contagious). In the first block of stimuli, participants were 644 
asked to rate the perceived arousal of each stimulus, whereas in the second block they were 645 
asked to rate the perceived emotional contagion of the same stimulus. Each block had a 646 
total of 72 trials (with the same 18 spontaneous laughter, 18 acted laughter, 18 spontaneous 647 
crying, 18 acted crying vocalisations). A trial had the following sequence: a fixation cross 648 
presented during 1500 ms with a jitter of 500 ms, presentation of the vocalisation, fixation 649 
cross during 1000 ms, and lastly, perceived arousal or emotional contagion rating 650 
depending on the block. The task was presented in a fixed sequence which accounted for 651 
the number of each transition type and had a total of 144 trials (15 min). Each vocalisation 652 
was only presented once in each block. 653 
EEG acquisition and preprocessing 654 
EEG was recorded using a 64-channel Brain Vision actiCHamp system (Brain Products, 655 
Munschen, Germany) at a sampling rate of 512 Hz with two reference electrodes placed 656 
on the left and right mastoids. Bipolar horizontal and vertical electro-oculograms were 657 
acquired through 4 flat-type facial electrodes: two electrodes were placed at the outer 658 
corner of each eye (horizontal electro-oculogram) and two electrodes were placed below 659 





10 kΩ for all electrodes. The data was preprocessed offline using Brain Vision Analyser 661 
software (Brain Products, GmbH, Munich, Germany), EEGLAB (Delorme & Makeig, 662 
2004) and custom functions (the latter two written for Matlab, Mathworks, Natick, 663 
Massachusetts). The data was band-pass filtered offline between 0.1 and 30 Hz using zero 664 
phase shift IIR Butterworth filters, with an additional 50 Hz notch filter, and re-referenced 665 
to average (after removal of noisy electrodes). The data was time-locked to the onset of 666 
vocalisations and segmented into epochs (-200 to 1000 ms). Epochs with non-stereotypical 667 
artifacts (large muscle artifacts, singular events) were manually removed. On average, 6% 668 
of trials were removed (most participants had a removal rate ranging 0% to 13%, and one 669 
had 28% trials removed). The epochs were further cleaned from ocular artifacts using 670 
Independent Component Analysis (ICA; infomax restricted algorithm). An ocular 671 
electrode was entered into the ICA to flag components related to ocular activity on the 672 
basis of sum of squared correlations with the vertical and horizontal electrodes. In case the 673 
ocular electrodes were too noisy, a clean frontal electrode with clear ocular activity was 674 
used instead. Removed electrodes were reconstructed using spline interpolation. 675 
Pupillometry data was also concomitantly collected, for which results have been reported 676 
elsewhere (Cosme et al., 2021). 677 
ERP analysis 678 
The time intervals and electrodes subjected to statistical analysis were selected on the basis 679 
of subject-averaged ERP waveforms and topographic maps, collapsed across all 680 
experimental conditions to avoid bias (Luck & Gaspelin, 2017). Electrode sites with the 681 





make these decisions are provided in Supplementary Information (Supplementary Text D 683 
and Fig. S4). The electrode clusters and time-windows for each component were as 684 
follows: 1) N100: 80 - 200 ms, electrodes: C1, C2, C3, C4, Cz, CP1, CP2, CP3 and CPz; 685 
2) P200: 180 - 350 ms, electrodes Cz and FCz; and 3) LPC: 500 – 1000 ms, electrodes: 686 
PO3, PO4, PO7, PO8, POz, O1, O2, and Oz. To increase precision of the measurement, 687 
the mean N100 and P200 amplitudes were measured between the peaks’ onset and offset 688 
(Kiesel, Miller, Jolicœur, & Brisson, 2008; Luck, 2014). Further details are presented in 689 
Supplementary Text D. 690 
Effect of authenticity and emotion on ERP and vocalisation ratings 691 
We used a series of 2-way ANOVAs to estimate the main and interaction effects of the 692 
within-subject independent variables emotion (laughter, crying) and authenticity 693 
(authentic, acted) on the extracted amplitude peaks of each ERP component separately 694 
(N100, P200 and LPC), using SPSS (version 25, SPSS Inc., Chicago, IL, USA). We did 695 
not have specific hypotheses in regard to components’ latencies but provide the analysis in 696 
Supplementary Information (Table S7), to inform further research. Since there was no 697 
equivalent “neutral” condition to acted vocalisations as there was for authentic ones, this 698 
condition could not be included in the model. Nevertheless, to aid interpretation of results, 699 
we ran a separate 1-way ANOVA to estimate differences between authentic laughter, 700 
authentic crying, and neutral vocalisations, per ERP component. To estimate the main and 701 
interaction effects of emotion and authenticity on the vocalisation ratings (authenticity, 702 
arousal, and contagion ratings), we applied the above-mentioned 2-way ANOVA design. 703 





higher authenticity scores meant that vocalisation was perceived as more authentic. We 705 
considered an effect statistically significant when its test-statistic p-value was below .05. 706 
We followed main effects and interactions with pairwise post-hoc tests (Bonferroni-707 
corrected for multiple comparisons). As the ANOVA effect size measure, we used partial 708 
eta squared (ηp2), and considered the following standard ranges: below .01 as marginal, 709 
.01-.06 as small, .06 - .14 as medium, and above .14 as large effect sizes (Cohen, 1977; 710 
Richardson, 2011); in post-hoc comparisons, we report Cohen’s d. Error bars used in all 711 
plots are 95% within-subject confidence intervals (Cousineau, 2005; Morey, 2008). All 712 
box plots were generated using a notBoxPlot Matlab function (Campbell, 2020), modified 713 
to incorporate the within-subject confidence intervals. 714 
 715 
Correlation between ERPs and vocalisation ratings, trait empathy scores and the 716 
authenticity discrimination index 717 
To explore associations between ERP amplitudes and vocalisations ratings, in each 718 
emotion separately, we used a repeated measures correlation (rmcorr package in RStudio 719 
software, version 1.0.143; Bakdash and Marusich, 2017; R Core Team, 2017). Since each 720 
unique stimulus was presented twice, we considered only the ratings made after the first 721 
stimulus presentation to capture the initial authenticity perception. Furthermore, we used 722 
Spearman’s rank correlation to explore correlations between the same ERP measures and 723 
trait empathy scores (as measured by EQ and RMET) and the authenticity discrimination 724 
index. The discrimination index refers to the individual’s ability to determine the 725 





of acted stimuli from the average authenticity ratings of authentic stimuli (Neves et al., 727 
2018). We also tested for a correlation between this index and the abovementioned 728 
empathy scores. As these complementary analyses were ran with the sole purpose of aiding 729 
the interpretation of the main findings (see Methods section above), we have not performed 730 
multiple-comparisons correction on these (Armstrong, 2014), and the corresponding 731 
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